Abstract This paper aims to assess the diffusion and adoption of nanotechnology knowledge within the Turkish scientific community using social network analysis and bibliometrics. We retrieved a total of 10,062 records of nanotechnology papers authored by Turkish researchers between 2000 and 2011 from Web of Science and divided the data set into two 6-year periods. We analyzed the most prolific and collaborative authors and universities on individual, institutional and international levels based on their network properties (e.g., centrality) as well as the nanotechnology research topics studied most often by the Turkish researchers. We used co-word analysis and mapping to identify the major nanotechnology research fields in Turkey on the basis of the co-occurrence of words in the titles of papers. We found that nanotechnology research and development in Turkey is on the rise and its diffusion and adoption have increased tremendously thanks to the Turkish government's decision a decade ago identifying nanotechnology as a strategic field and providing constant support since then. Turkish researchers tend to collaborate within their own groups or universities and the overall connectedness of the network is thus low. Their publication and collaboration patterns conform to Lotka's law. They work mainly on nanotechnology applications in Materials Sciences, Chemistry and Physics, among others. This is commensurate, more or less, with the global trends in nanotechnology research and development.
Introduction
Nanotechnology is a relatively new field studying materials at atomic levels within the 1-to 100-nanometer (nm) range (one nm is equal to one billionth of a meter, or, 10 -9 ) (Nanotechnology 2015). It involves physics, chemistry, medicine, and biotechnology, among others, and promises a great deal of innovation for, and benefit to, society as a whole. Braun et al. (1997) studied the growth of terms with the prefix ''nano'' in the titles of journal papers published between 1986 and 1995. They identified more than 200 different such terms and calculated the exponential doubling time as 1.6 years (p. 322). Schummer (2004) noted that governments did not even consider funding nanoscience and nanotechnology research separately in those years whereas things have changed starting from late 1990s. The growth rate has not slowed down and nanoscience and nanotechnology has even become a more inter-and multidisciplinary field of research since then. Information scientists studied the nanotechnology research literature and its structure (Kostoff et al. 2006 (Kostoff et al. , 2007 ; the evolution, cognitive content and socio-cognitive structure of the field (Milojević 2009 (Milojević , 2012 ; and the scientific collaboration patterns of nanoscience and nanotechnology researchers (Schummer 2004; Ovalle-Perandones et al. 2013) .
Turkey identified nanotechnology early on (2003) as one of the eight strategic fields to support (Ulusal 2004) . Nanotechnology strategies were developed as part of the Vision 2023 Project (Nanobilim 2004) . Turkey invested considerably in nanotechnology infrastructure and education since then and set up several ''centers of excellence'' in universities for nanotechnology research and development (R&D). The Turkish Scientific and Technological Research Council (TUBITAK) and the Ministry of Development (MoD) are the main supporters of nanotechnology projects financially. For example, the MoD continues for more than a decade to invest to set up and improve the infrastructure of nanotechnology research facilities. Among them are the Research Center for Nanotechnology and Biotechnology of the Middle East Technical University (METU) and the National Nanotechnology Center in Bilkent University, both centers being operational for almost a decade. Since 2006, several universities initiated multidisciplinary nanotechnology degree programs (MSc and PhD). Altogether, there are currently more than 20 nanotechnology research centers and over 100 private companies developing and commoditizing nanotechnology products in Turkey (Bozkurt 2015; Denkbaş 2015; Erkoç 2007; Ö zgüz 2013) .
The substantial interest and investment in nanotechnology triggered nanotechnology research in Turkey. Turkey is among the top three countries in the world in terms of the growth rate of nanotechnology research (Bozkurt 2015, p. 49) . More than 2000 researchers are active in this field producing some 2500 papers in 2014 alone 1 (Bozkurt 2015, p. 49; Denkbaş 2015, p. 84; Ö zgüz 2013) . In this paper, we investigate the diffusion and adoption of nanotechnology knowledge in Turkey by analyzing the co-authorship patterns using three centrality measures (e.g., degree, betweenness and closeness centrality coefficients) and co-words contained in more than 10,000 nanotechnology papers authored by Turkish researchers between 2000 and 2011. We use bibliometric and social network analysis (SNA) techniques to compare the diffusion of nanotechnology research output between 2000 and 2005 and 2006-2011 , and identify the most prolific and collaborative researchers and universities for each period along with the major nanotechnology research strands in Turkey.
Literature review
Scientists have investigated the diffusion of ideas, innovations and knowledge in societies using deterministic, stochastic and epidemic models, among others (Vitanov and Ausloos 2012) . In early 1960s, Rogers (1962) studied the diffusion of innovations from the perspective of the sociology of science. He defines the diffusion of an innovation as ''the process by which an innovation is communicated through certain channels over time among the members of a social system'' (Rogers 2003, p. 5) . Social interactions between scientific domains and practitioners are instrumental to the diffusion of innovation and knowledge. According to Rogers, the key elements in the diffusion process are: innovation/knowledge, communication channels, time and social systems (p. 7). An innovation starts with a few people and has a few adopters, but eventually it gains the momentum until it reaches its peak. Rogers likens the diffusion process of an innovation to a mathematically-based bell curve (also known as ''Rogers adoption/innovation curve'') and categorizes the adopters accordingly (i.e., starting from the left tail of the curve to the right, 2.5 % of the adopters are called ''innovators'', 13.5 % ''early adopters'', 34 % ''early majority'', 34 % ''late majority'', and the remaining 16 % on the right tail of the curve as ''laggards'').
Social network analysis (SNA) combining social theory and mathematics (graph theory) is used to study the interactions and patterns of relationships among group members. The ''small world'' phenomenon conjectures that each actor (node) in a society is linked to others (edges) through friends. Literally, every node in a small world is connected through an acquaintance. Milgram (1967) proved that it takes a maximum of six steps from one node (person) in a social network structure for a message to be passed along to another node no matter how complex the network structure is (see also Watts 2003) . Newman (2001) found out that average distance from one person to the other by an acquaintance is proportional to the logarithm of the size of the community, implying one of the small world properties.
According to Otte and Rousseau (2002, p. 443) , betweenness, closeness and degree centrality are well known measures used in analyzing the structures of networks. Betweenness centrality is defined as the number of shortest paths going through a node. Thus, a node with high betweenness centrality will have a large impact on the diffusion of knowledge in the network (assuming that knowledge diffusion follows the shortest paths). Centrality is the total number of links that a node has. Degree centrality identifies the most influential node in the diffusion of knowledge in the social network. Closeness centrality measures how far a node is from other nodes in the network structure and how long it will take to diffuse the knowledge in a network (Centrality 2015) .
Betweenness centrality plays an important role in the structures of social networks. According to Freeman (2004) , the discovery of the structural properties of scientific papers is measured by the betweenness centrality. Actors with a high level of betweenness centrality play a pivotal role in connecting different groups within the network. Betweenness centrality characterizes preferential attachments, cliques, or brokers. Preferential attachments play an important role in network development (Barabasi and Albert 1999, p. 509) . In other words, people in social networks tend to work with well-known people that lead to Scientometrics (2016) 107:569-592 571 the concept of ''strong and weak ties'', characterizing a group of people attached to one node with high centrality. This is called the ''star network model'' (Moody 2004; Scott 2000) . Newman (2001) stated that collaboration among scientists in networks is a good example of showing preferential attachment. As mentioned earlier, if two nodes have high degrees of centrality, the probability of being acquainted with a mutual friend gets higher. Only a small percentage of people in a social network are well connected (Lotka's law). The productivity of authors in a network resembles Lotka's law in that a small number of researchers publish the majority of papers while large numbers of researchers publish one or two papers (Martin et al. 2013) . Each group of authors creates a community in which a node with a high degree of centrality is the central node. Therefore, collaboration networks consist of separate clusters representing different scientific fields where they may connect through lower degree connectors. Each community comprises several star networks and a node of lesser degree may connect these clusters. Newman (2001) referred to clustering as ''community structure''. PageRank measuring the popularity of web pages is a similar metric (Page and Brin 1998) in that the appearance of a certain author in the references of a corpus of articles reflects the prestige of that author in the network structure. Börner et al. (2007) review network science, an interdisciplinary field ''concerned with the study of networks, be they biological, technological, or scholarly in character'' (p. 537). Mali et al. (2012) classified the levels of analysis of scientific collaboration and analyzed the dynamic co-authorship networks with a view to model them. Watts (2003) and Moody (2004) studied the structure of social networks and social science collaboration networks while Hou et al. (2008) focused more specifically on the collaboration between scientometricians at macro level and mapped the co-authorship network of scientometricians using social network analysis.
While Rogers' diffusion of innovation theory and social network analysis are based on the sociology of science as they mainly deal with the innovators/adopters/members and the interactions between them, bibliometrics and scientometrics are based on a ''literary model of science'' as they focus on the scholarly communication outputs (Scharnhorst and Garfield 2010) . Scharnhorst and Garfield (2010) categorized bibliometric and scientometric studies under two main units of analysis, namely the texts (i.e., publications) and their creators (i.e., authors and institutions). The former deals with the words and references in texts to identify the hot topics and new research strands using co-word maps, semantic maps and (co-)citation networks. The latter is used to measure the productivity and performance of the creators of the texts as well as to study the collaboration between them on individual, institutional and international levels to identify the key ''actors''.
''Scientific collaboration occurs within the larger context of science'' (Sonnenwald 2007, p. 646 ) because it involves not only scientific but also political and socio-economical factors as well as social networks. Collaboration creates networks of scientists that can be categorized in terms of organization, disciplines and geography. For instance, collaborative research is more common in some disciplines (e.g., chemistry) than others (e.g., philosophy) (Sonnenwald 2007, p. 672) .
Co-authorship networks indicate some kind of collaboration among scientists in carrying out research (Hou et al. 2008 ) while (co-)citation analysis helps identify the influential scientists in the network (White and McCain 1998) . Co-authorship analysis is also used by bibliometricians to study the temporal and topological diffusion of innovation and knowledge as co-authorship stimulates the knowledge diffusion in scientific communities (Chen et al. 2009, p. 192) . For example, Ö zel (2010) assessed the diffusion of knowledge in business management among academia in Turkey from 1928 to 2010 by studying the coauthorship relationships of academics in business management.
Co-word analysis of texts, on the other hand, is used to study the literature over time in terms of the frequencies or co-occurrences of words in titles, abstracts, or more generally, in texts (Callon et al. 1983) . It helps map scientific domains and reveal their cognitive structures (Chen 2004) . Moreover, semantic mapping of the co-word analysis in contexts reveals the meaning in the discourse in texts (Leydesdorff and Welbers 2011) . Semantic mapping has been enhanced further by the development of the Latent Semantic Analysis (LSA) technique (Landauer et al. 1998) . LSA has been integrated into several software packages including CiteSpace developed by Chen (2006) .
Bibliometric and scientometric studies have been carried out to review the development and growth of nanoscience and nanotechnology on a global scale with a view to find out the most prolific authors, journals, institutions, countries and the most cited authors/papers/ journals (Kostoff et al. 2006 (Kostoff et al. , 2007 . China, Far Eastern countries and USA, Germany, and France were the most productive countries in terms of number of publications. OvallePerandones et al. (2013) did a similar study for the European Union countries (EU-27) using bibliometric methods and social network analysis. Authors mapped the frequency of co-occurrences of collaboration of EU countries on nanotechnology and found that the level of collaboration of EU countries among themselves has decreased between 2001 and 2011, as they sought collaboration with countries beyond EU such as China.
As mentioned earlier, the growth rate of nanotechnology research in Turkey is quite encouraging, and the contribution of Turkish researchers to nanoscience and nanotechnology literature became evident at the global level starting from 2002 (Kostoff et al. 2007) . Although the state of the art of nanotechnology centers and companies has been studied quantitatively (Aydogan-Duda and Sener 2010; Aydogan-Duda 2012), the research output they produced in terms of scientific papers has yet to be studied in detail. This is the first such study to investigate the diffusion and adoption of nanotechnology in Turkey and the level of collaboration among the most prolific researchers and universities using social network analysis, co-authorship analysis and co-word analysis.
Methods
This paper aims to depict the development of nanotechnology in Turkey between 2000 and 2011 by identifying the network structure of nanotechnology papers authored by Turkish researchers and finding out the most productive researchers and universities who help diffuse the nanotechnology knowledge by collaborating with their peers. We use centrality measures of SNA to study the diffusion of nanotechnology knowledge through collaboration of researchers in Turkey along with the characteristics of collaboration networks that exist in nanotechnology literature authored by Turkish researchers. Further, we use coauthorship and co-word analyses as network analytics to identify the collaboration patterns among nanotechnology researchers on macro level and to create a semantic map of nanotechnology network structure. We attempt to answer the following research questions:
1. How is the rate of diffusion of nanotechnology knowledge and its adoption within universities between 2000 and 2011? 2. Which researchers and universities contribute most to the diffusion of nanotechnology research in Turkey by collaboration?
3. Do co-authorship networks in nanotechnology literature exhibit a ''small world'' network structure? 4. What are the main nanotechnology research interests of Turkish scholars?
To answer these questions, we used a compound textual query on nanotechnology based on Kostoff's 2 (see ''Appendix''). Thomson Reuters' Web of Science (WoS) was chosen as the main database as it is the most comprehensive one covering the majority of refereed science journals (Testa 2004) . We retrieved a total of 10,062 records of nanotechnology papers (articles and reviews) from Web of Science (WoS) published between 2000 and 2011 with at least one author based in Turkey.
3 Having noticed that the number of new adopters of nanotechnology knowledge has increased fivefold from 2005 to 2006 and that almost three quarters of papers (7398 papers or 73.5 %, to be exact) were published after 2006, we divided the data set into two equal periods (2000-2005 and 2006-2011) to better identify the trends and make comparisons. The distributions of universities/nanotechnology research centers and researchers publishing nanotechnology papers were rather skewed. We decided to investigate the diffusion of nanotechnology knowledge through core universities/nanotechnology research centers and prolific researchers in Turkey. We first identified the top 15 most prolific universities and authors by means of frequency and co-occurrence methods embedded in Bibexcel. We then identified the scientists with the highest coefficients of centrality in the network structure. As the institutional addresses and the authors' names were sometimes misspelled or recorded in different forms in WoS (e.g., use of abbreviated addresses and authors' maiden names, changes of authors' affiliations, among others), the data was cleaned, and the author names were disambiguated before analysis.
We used co-authorship and co-word analyses to track the collaboration patterns and research interests of Turkish nanotechnology scholars between the two periods. Factor analysis helped us interpret the co-word relations better, thereby enabling us to create a semantic map of nanotechnology network structure. We used a geocoder 4 to get the geocoordinates for each city listed in the address field of authors and Google Maps to overlay the relationships among cities on a geographic map. Bibexcel (Persson et al. 2009 ), VOSviewer (Van Eck and Waltman 2010), Pajek 5 and Gephi 6 were used to create files and map the bibliometric data, calculate the properties of the social network structure (e.g., the betweenness, closeness, and degree centralities and the PageRank of each node) and depict the network's features visually.
Data
WoS indexes twice as many nanotechnology papers authored by Turkish scientists compared to other bibliographic databases, although it certainly does not index such papers written in Turkish. Figures reported here are believed to be highly representative nonetheless, as nanotechnology papers tend to be published primarily in English language journals. The number of Turkey's scientific publications on nanotechnology increased 2 Personal communication with Prof. Ronald N. Kostoff (20 April 2012) . 3 We used the command ''AD = TURKEY'' that is available in WoS. 4 Available from http://www.gpsvisualizer.com/geocoder/. The number of newly-established universities, hence the number of researchers studying nanotechnology, has almost tripled in this period from 73 in the year 2000 to 165 in 2011 (Günay and Günay 2011, pp. 4-6) , although not all of them have been involved in nanotechnology research per se. Currently, there are about 200 universities in Turkey, twothirds being state-funded. We used the fractional counting method to identify the top ranked universities based on the number of nanotechnology papers they published between 2000 and 2011 (Fig. 2) . The Middle East Technical, Hacettepe, İstanbul Technical, Gazi and Bilkent Universities are the top ranking ones. All but four (Bilkent, Koç, Fatih and Sabancı) universities in Fig. 2 are state funded. Note that figures reported here do not reflect the papers published by these universities in journals that are not indexed in WoS.
We examined the diffusion of nanotechnology knowledge in Turkey using a more refined approach and identified the new authors collaborating each year in order to find out the adoption rate of nanotechnology research. Note that by ''new author'' we mean an author who published for the first time a nanotechnology paper as reflected in WoS. Some of these authors may not be new however, as they may have published nanotechnology papers in journals that are not indexed by WoS. Each new Turkish author encountered in the following year was counted as a ''new adopter'' and added to the count of previous years. Needless to say, the new adopters that are not reflected in WoS data are not reported here.
Findings Diffusion of nanotechnology knowledge in Turkey
The number of unique authors publishing nanotechnology papers was just 214 at the beginning (2000) whereas it rose to 2989 in 2011 (Table 1 and Just as the number of newly established Turkish universities tripled between 2000 and 2011, the number of faculty members (assistant, associate and full professors) steadily increased and doubled during the same period from circa 20,000 to well over 40,000 (Günay and Günay 2011, p. 16, Fig. 5 ). We do not have the detailed figures on the research fields of faculty members. Yet, figures reported above clearly show that the rate of increase of the number of authors publishing nanotechnology papers is much higher than that of the number of faculty members. Needless to say, the increase in the number of new adopters is primarily due to nanotechnology becoming a major research field in Turkey and nanotechnology research being supported by government funds. The most prolific Turkish nanotechnology researchers Table 2 shows the top 20 nanotechnology researchers between 2000 and 2011 along with their total number of publications and co-authors in each period. Fractional counting ) . This means that 11 new researchers became more productive than they were in the first period and replaced the less productive ones in the second period or they entered the field anew. O. Buyukgungor of Ondokuz Mayis University, for instance, is at the top of the second period with 149 papers to his credit even though he did not appear in the top 20 of the first period. The top 20 most prolific researchers co-authored more papers with their colleagues in the second period (216 and 315, respectively). The number of co-authors of nine researchers who appeared in both periods increased 42 % in the second period, indicating that they were influential in diffusing the nanotechnology knowledge to their colleagues. The same can probably be said for the remaining 11 researchers who appeared in the top 20 list in the second period.
Individual collaboration and the co-authorship network The rates of growth for nodes and edges (ties) increased two-and fourfolds, respectively, between the two periods. However, the level of collaboration has not changed so much. There is a minimal change in density (from 0.0225 to 0.0104) between the two periods, but the network is still quite sparse. The lack of intense collaboration among researchers working in the same field (e.g., scientific collaboration) was also observed in other disciplines (Hou et al. 2008) , which might be due to competition among researchers. Nonetheless, the average degree and clustering coefficients show that clusters within the network are somehow connected for both periods. For example, the average clustering coefficient for 2000-2005 is 0.75, indicating that 75 % of the nodes were connected. Since the network has grown in the second period, the rate of connectedness has decreased (0.51), indicating that newly formed clusters were not that cohesive yet even though the rate of collaboration intensified (Fig. 4) . We further studied the co-authorship networks in both periods to identify the most collaborative nanotechnology researchers. Table 3 shows the top 15 Turkish authors and their affiliations with the highest centrality coefficients (closeness, betweenness, degree, and PageRank) between 2000 and 2005 that contributed to the diffusion of nanotechnology with their scientific papers. Some scientists appear in more than one columns of centrality due to their high collaboration level in the network structure. For example, Yakuphanoglu F (Fırat University), Yagcı Y and Ö vecoglu MN (İTU), Ç elik E (Dokuz Eylül) and Denizli A (Hacettepe) appeared in three columns with high degree (collaborator), betweenness (broker and gatekeeper), and PageRank coefficients (prolific author) while Yılmaz F and Toppare L (METU), Morkoç H (Atatürk), Ö zdemir I (Dokuz Eylül) and Pişkin E (Hacettepe) appeared at least in two columns out of four (degree, betweenness, closeness and PageRank centralities). They were highly influential in the diffusion of nanotechnology in Turkey between 2000 and 2005. This may be due to the fact that some researchers tend to be active in more than one nanotechnology subfields (e.g., physics, chemistry, materials science).
Similarly, Table 4 shows the top 15 authors who were influential in the diffusion of nanotechnology in Turkey between 2006 and 2011. Interestingly, Büyükgüngör O of Ondokuz Mayıs University has the highest centrality coefficients in all four categories but A co-authorship network structure of scientists based on VOSviewer illustrates a cluster view of collaborations. Co-authorship map of the first authors for each period is shown on 
Affiliations of authors are given in parentheses the left and right-hand side of Fig. 5 , accordingly. Most authors listed in Table 3 and Table 4 are also on the map. Co-authorship network of prolific authors in each period exhibited the characteristics of a small size network. We shared the co-authorship network map with five senior and five junior nanotechnology researchers whose publications appeared in leading journals and solicited and recorded their comments with respect to their places in the network. The latent semantic analysis of their comments indicated that the co-authorship network map reflected their views to some extent with regards to their roles in collaborative nanotechnology research. 
Lotka's law
The collaboration network of Turkish scientists who work on nanotechnology seems to be well connected at the micro level but not so much at the macro level. In other words, researchers tend to collaborate within their own sub-clusters (i.e., groups or universities) more often. The frequencies of the total number of publications authored or co-authored by Turkish nanotechnology researchers adhere to Lotka's law:
where f(y) denotes the relative number of authors with y publications (the K-S DMAX = 0.6323) (Rousseau 1997) , indicating that a small number of well-known scientists have stronger positions in the network.
Institutional collaboration
We also studied the network structure of the nanotechnology research output from an institutional perspective and analyzed the level of collaboration between universities. Table 5 shows the network properties of the top 15 selected universities in each period (2000-2005 and 2006-2011) period. Nodes with higher degree centralities participate more in the network than that with the lower ones and the network structure adheres to the small world phenomenon. Note that the average degree centrality for the top 15 universities rose from 0.296 in the first period to 0.466 in the second period, indicating an almost 60 % increase (Table 5) . Istanbul Technical University's degree centrality increased five times between the two periods, making it one of the top nodes in the second period. Kırıkkale, Abant İzzet Baysal, Marmara and Kocaeli Universities with relatively fewer number of papers did not make it to the top 15 universities in the 2006-2011 period and were replaced by Anadolu, İstanbul, Fırat and Atatürk Universities. Bilkent University is at the top of the 2006-2011 list with the highest closeness centrality coefficient (0.588) followed by Gebze Institute of Technology (0.541) (which was in the 6th place in the first period). Their high closeness centrality coefficients indicate that sub-networks within the whole network are almost 60 % connected. However, their betweenness centrality coefficients are relatively low, which means that the flow of information among sub-clusters within the whole network is slow. Hacettepe and Middle East Technical Universities are also at the top of the 2006-2011 list. These four universities form a cohesive network structure in 2006-2011. However, the average closeness centrality coefficient stayed almost the same for both periods (0.425 and 0.439, respectively). In other words, it took equally long to spread nanotechnology knowledge for the top 15 universities in each period.
In general, betweenness centrality coefficients are much lower for all universities. In fact, the average betweenness centrality has decreased from 0.141 to 0.055 in the second period, indicating that sub-clusters in the network structure became less connected in the second period for the top 15 universities. Atatürk, Ankara, Gazi, Bilkent, Gebze Institute of Technology and Ondokuz Mayıs Universities have the highest betweenness centrality coefficients in the second period, an indication of relatively higher flow of information among sub-clusters within the network than the rest. Dokuz Eylül, Hacettepe and Ankara Universities have the lowest betweenness centrality coefficients in the first period and Hacettepe, Technical and Ege Universities in the second period.
International collaboration
We believe that, in addition to local collaboration among universities, international collaboration with institutions in other countries also accelerates the diffusion process of nanotechnology among scientists. Figure 6 shows that the level of international collaboration has increased tremendously in the second period. In fact, the network density of Turkish scientists' collaborations doubled in the second period, indicating growth in the network structure as well. While Turkish nanotechnology scientists collaborated mostly among themselves and with their colleagues in a few European countries and in the USA in the first period, they expanded their collaboration network so as to include almost all European countries, USA, Asian and Middle Eastern countries, South Africa and Australia.
Topical diffusion of nanotechnology research in Turkey
In addition to the network structure of nanotechnology collaboration from individual, institutional and international perspectives, we also studied the topical diffusion of nanotechnology research in Turkey. We carried out a co-word 8 analysis on the words that We then produced a normalized cosine extraction of the words and mapped the network structure of co-word analysis in each period using cluster analysis method embedded in VOSviewer (Van Eck and Waltman 2010) (Fig. 7) . Words that appear in both periods belong mainly to Multidisciplinary Science and Materials Science. Represented fields in both periods are as follows: Surface Materials (''Doped'', ''Alloy'', and ''Plasma''); Chemistry and its subfields (''Coating'', ''Crystal'' ''Catalyst'', and ''Sol-Gel''); and Physics (''Quantum'', ''Dot'' and ''Nanotube''). It appears that Turkish nanoscientists work primarily in Material Sciences, followed by Physics and, to some extent, Biotechnology.
Discussion and conclusion
Our analysis that nanotechnology R&D in Turkey is flourishing. The number of nanotechnology papers published by Turkish scientists in journals covered by WoS has tripled once the Turkish government has identified nanotechnology as one of the eight strategic fields in its national science and technology policy of 2003-2023 and decided to invest in nanotechnology accordingly. This decision has tremendously increased the diffusion and adoption of nanotechnology as a research field. Nanoscientists became more collaborative and more prolific in their research. Consequently, as pointed out earlier, the relatively high growth rate of nanotechnology research made Turkey one of the top three most prolific countries in the world in terms of number of papers published (Bozkurt 2015, p. 49) . This is somewhat similar to the experience of India, China, Iran and Latin American countries in that the importance of nanotechnology has increased once they identified it as a promising technology in their national development plans (Aydogan-Duda 2012). Our analysis of the network structure of nanotechnology papers authored by Turkish scientists between 2000 and 2011 indicates that the degree of collaboration in individual, institutional and international levels intensified in the second period. The number of nodes in the network has increased considerably in the second period (2006) (2007) (2008) (2009) (2010) (2011) , yet the overall connectedness of the network structure is still low. The centrality coefficients of the network structure of the top 15 universities revealed that the social network structure is denser at the micro level than that at the macro level. While the betweenness centrality remained low and the closeness centrality did not change much, the degree centrality increased almost 60 % in the second period, which is an indication of the ''small world phenomenon'' in the network structure. The research output of Turkish nanoscientists and collaboration among them conforms to some extent to Lotka's law in that a few researchers tend to publish the bulk of nanotechnology papers while the rest are less prolific. This indicates that Turkish scientists tend to collaborate with prolific authors, as envisaged by Lotka's Law. The taxonomy identified by the co-word analysis shows that Turkish nanoscientists mainly work in Materials Sciences, Chemistry and Physics, which is similar to some extent to the global trends in nanotechnology research and development.
Nanotechnology research continues to flourish due to collaborations at the micro level within the Turkish scientific community and the diffusion of nanotechnology knowledge is accelerating. It is expected that bibliometric indicators and network properties reported in this research will not only help policy-makers understand the interdisciplinary character of nanoscience and nanotechnology better and develop funding mechanisms accordingly, but also provide a yardstick to measure the progress and guide the Turkish science and technology policy covering the period of 2003 
